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1
ADAPTABLE ANTENNA SYSTEM

REFERENCE TO CO-PENDING APPLICATIONS
FOR PATENT

The present application for patent 1s related the co-pending,
U.S. patent application Ser. No. 11/213,464, entitled “TUN-
ABLE DUAL-ANTENNA SYSTEM FOR MULTIPL
FREQUENCY BAND OPERATION,” filed Aug. 26, 2005,
assigned to the assignee hereof, and expressly incorporated 1©
by reference herein.

(L]

BACKGROUND

1. Field 15

The present application generally relates to communica-
tions and, more specifically, to an adaptable antenna system.

2. Background

Wireless communication devices have different antenna
requirements used 1n next generation wireless network sys- 20
tems. Detailed antenna configurations necessary to meet
these requirements are impacted by many factors such as
specific carrier requirements (e.g., operational modes, band
classes, desired functionality) and device type (e.g., handsets,
desktop modems, laptops, PCMCIA cards, PDAs, etc.). In 25
addition, with the growing number of wireless standards
(WWAN, WLAN, BlueTooth, UWB, FLO, DVB-H, efc.) and
frequency bands (from approximately 410 MHz up to
approximately 11 GHz), the conventional approach has been
to add new antennas for the new standards and/or frequency 30
bands on the host wireless devices. This adds costs (for the
antenna elements, associated cables and connectors), requires
additional space on the wireless device and also degrades
1solation between the different RF transceivers. Accordingly,
there 1s a need 1n the art for a new antenna configuration such 35
that the number of antennas may be kept to a minimum (1.¢.,
no more than the existing number of antennas in current
devices) while the antennas may still be able to support the up
and coming wireless standards and new frequency spectrum.

40
SUMMARY

The invention utilizes small, narrow-band and frequency
adaptable antennas to provide coverage to a wide range of
wireless modes and frequency bands on a host wireless 45
device. These antennas have narrow pass-band characteris-
tics, require minimal space on the host device, and allow for
smaller form factor. The invention also allows for fewer num-
ber of antennas to be used because of the frequency tunability
teature of the small antennas together with the use of the 50
transier switch matrix. The operation of the antennas may
also be adaptably relocated from unused modes to in-use
modes to maximize performance. The features of the mven-
tion result 1n cost and si1ze reductions of the antennas.

The host wireless device may be a portable phone, PDA, 55
laptop, body-worn sensor, entertainment component, wire-
less router, tracking device and others. By making the antenna
narrow-band 1n 1ts frequency response, its physical size may
be made much smaller than a conventional resonant antenna
currently being used 1n existing wireless devices. To operate 60
at a desired wireless channel or 1n a certain frequency sub-
band or band at any given time, this small antenna 1s designed
to have electronically selectable resonant frequency feature.
This frequency adaptability allows for one small antenna to
cover all the required wireless standards and frequency 65
bands. Under some circumstances, more than one wireless
modes may be required to operate concurrently. In this case,

2

a second small tunable antenna similar to the first one may be
employed on the same host wireless device. These two anten-
nas may operate in diflerent bands simultaneously. These
antennas may also operate in the same frequency band simul-
taneously. Furthermore, 1n the same frequency band, one of
these antennas may be used for transmitting and the other may
be used for recerving simultaneously. Since these antennas
have very narrow operating frequency response or pass band,
the 1solation between these antennas 1s much higher than that
between the existing antennas currently being used on exist-
ing wireless devices. This 1s another feature of the invention,
1.€., high 1solation between antennas for concurrent operation
without the need of adding more front-end filters.

It 1s appreciated that the number of these small, narrow-
band, frequency tunable antennas may also be increased to
more than two to support more than two concurrent operating
modes. The operating frequencies and modes of these anten-
nas may be adaptable to where resource and performance are
needed most 1n the host device based on a preset performance
criteria or user preference and selectivity. This allows for
fewer number of antennas that can cover a given number of
wireless modes and frequency bands. Performance 1s opti-
mized and adaptable to where 1t 1s needed and/or required. For
example, one or more of the multiple antennas may be used to
suppress RFE interference within the device or mitigate body
or external effects. Antenna resource in this 1vention 1s
adaptable and may be redirected to where i1t 1s needed most or
may be divided based on a certain order of priorities.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a system with multiple transmit/receive
antennas.

FIG. 2 illustrates antenna frequency response in terms of
reflected power for transmit and receive frequency bands for
the system of FIG. 1.

FIG. 3 1illustrates a device with two tunable antennas 1n
accordance with an aspect of the invention.

FIG. 4 illustrates a device with multiple tunable antenna,
which may provide transmit and/or receive diversity.

FIG. S 1llustrates a method of using the antenna system 300
of FIG. 3.

FIG. 6 illustrates a set of tunable or reconfigurable anten-
nas of the invention.

FIGS. 7(a) and 7(b) 1llustrate a fixed antenna configuration
for laptop/notebook/tablet using 8 antennas and an adaptable
antenna configuration for a laptop/notebook/tablet using 4
tunable antennas to replace the 8 fixed antennas.

DETAILED DESCRIPTION

Some wireless communication devices, such as “world
phones,” are intended to operate with multiple frequency
bands (“multi-band’’) and multiple communication standards
(“multi-mode™), which may need a multi-band antenna and/
or multiple antennas to function properly. A law of physics
dictates a multi-band antenna to be electrically bigger than a
single-band antenna to function over the required frequency
bands. Asillustrated in FIG. 1, a “multi-band” device may use
one transmit/receive antenna for each frequency band and
thus have multiple transmit/recerve antennas. Alternatively, a
“multi-band” device may use one multi-band antenna, but 1s
required to add a multiplexer or a single-pole-multiple-
throws switch to route the antenna signal for each frequency
band to the approprnate transmitter and receiver of each band.

Similarly, a “multi-mode” device may use one transmait/
receive antenna for each communication standard and thus
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have multiple transmit/recetve antennas. Alternatively, a
“multi-mode” device may use one multi-band antenna with
additional multiplexers or single-pole-multiple-throws
switches to operate. Some wireless standards, such as EVDO
(Evolution Data Optimized) and MIMO (Multiple Input Mul-
tiple Output), may use diversity schemes that need additional
antennas to enhance data throughput performance and voice
quality. The desire for more multi-band antennas on a wire-
less communication device has grown and has become an
1ssue due to an increase in size and cost of wireless devices.

Referring back to FIG. 1, there 1s shown a system 110 with
multiple transmit/recerve antennas 102, 112, duplexers 104,
114, transmit circuitries 106, 116 and receive circuitries 108,
118. As an example, antenna 102, duplexer 104, transmit
circuitry 106 and recerve circuitry 108 may be configured to
transmit and recerve CDMA signals, while antenna 112,
duplexer 114, transmait circuitry 116 and recerve circuitry 118
may be configured to transmit and recetve GSM or WCDMA
signals.

FI1G. 2 1llustrates antenna frequency response 1n terms of
reflected power for transmit and recerve frequency bands
202A, 202B for the system 110 of FIG. 1. As an example, an
ideal transmit frequency band may be 824-849 Megahertz
(MHz), and an 1deal receive frequency band may be 869-894
MHz 1n one configuration.

FIG. 3 illustrates a device 320 with two tunable antennas
302, 303, a frequency controller 310, transmit circuitry 306
and recerve circuitry 308, 1n accordance with an aspect of the
invention. The device 320 has one set of separate transmit and
receive antennas 302, 303 that are tunable for multiple fre-
quency bands and/or multiple wireless communication
modes. The device 320 may be a wireless communication
device, such as a mobile phone, a personal digital assistant
(PDA), a pager, a stationary device, or a portable communi-
cation card (e.g., Personal Computer Memory Card Interna-
tional Association (PCMCIA)), which may be inserted,
plugged 1n or attached to a computer, such as a laptop or
notebook computer.

The antennas 302, 303 may be suificiently small and sized
to fit inside a particular communication device. The transmit
and recetve circuitries 306, 308 are shown as separate units,
but may share one or more elements, such as a processor,
memory, a pseudo-random noise (PN) sequence generators,
etc. The device 320 may not require a duplexer 104, which
may reduce the size and cost of the device 320.

The separate transmit and receive tunable antennas 302,
303 have frequency tuning/adapting elements, which may be
controlled by frequency controller 310 to enable communi-
cation 1n multiple frequency bands (multi-band) (also called
frequency ranges or set of channels) and/or according to
multiple wireless standards (multiple modes) as further
described below. The dual antenna system 300 may be con-
figured to adaptively optimize 1ts performance for a specific
operating frequency. This may be useful for a user who
wishes to use the device 320 1n various countries or areas with
different frequency bands and/or different wireless standards.

For example, the antennas 302, 303 may be tuned to oper-
ate 1n any frequency band of multi-band wireless applica-
tions, such as Code Division Multiple Access (CDMA),
Extended Global System for Mobile communications
(EGSM), Global Positioning System (GPS), Digital Cellular
System (DCS), Universal Mobile Telecommunications Sys-
tem (UMTS), etc. The antennas 302, 303 may be used for
CDMA 1x EVDO communication, which may use one or
more 1.25-MHz carriers. The dual antenna system 300 may
use multiple wireless standards (multiple modes), such as

CDMA, GSM, Wideband CDMA (WCDMA), Time-D1vi-
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4

sion Synchronous CDMA (TD-SCDMA), Orthogonal Fre-
quency Division Multiplexing (OFDM), WiMAX, etc.

The tuning elements of transmit and recerve antennas 302,
303 may be separate elements or integrated as a single ele-
ment. The tuning elements may be attached to an SPnT switch
as further described below (for n fixed capacitors) or an SPIT
switch (for on/off) for each of the n fixed capacitors. The
tuning elements may be controlled by separate control units
in the transmit and receive circuitries 306, 308 or may be
controlled by a single control unit, such as frequency control-
ler 310.

It should be noted that the antennas 302, 303 may have
narrower individual frequency responses to minimize cou-
pling (or cross-talk) between the transmit and receive circuit-
ries 306, 308. At any time slot, each antenna may cover only
a small portion of a transmit or receive frequency sub-band
around an operating channel.

The tuning elements may be used to change the operating
frequency of the transmit and receive antennas 302, 303. The
tuning elements may be voltage-variable micro-electro
mechanical systems (MEMS), voltage-variable Ferro-Elec-
tric capacitors, varactors, varactor diodes or other frequency
adjusting elements. As described above, the tuning elements
may be attached to an SPn'T switch ({or n fixed capacitors) or
an SPIT switch (for on/ofl) for each of the n fixed capacitors.
For example, a different voltage or current applied to a tuning
clement may change a capacitance of the tuning element,
which changes a transmit or receive frequency of the antenna
302 or 303.

The dual antenna system 300 may have one or more ben-
efits. The dual antenna system 300 may be highly-i1solated
(low coupling, low leakage). A pair of orthogonal antennas
may provide even higher 1solation (lower coupling). High-Q
and narrow-band antennas may provide high 1solation
between the transmit and receive chains 1n a full-duplex sys-
tem, such as a CDMA system.

By using separate and small transmit and receive antennas
302, 303 with narrow instantaneous bandwidth to provide
high 1solation between the antennas 302, 303, the dual
antenna system 300 may allow certain duplexers, multiplex-
ers, switches and 1solators to be omitted from radio frequency
(RF) circuits 1n multi-band and/or multi-mode devices, which
save costs and reduce circuit board area.

Smaller antennas provide more flexibility in selecting
antenna mounting locations in the device 320.

The dual antenna system 300 may enhance harmonic rejec-
tion to provide better signal quality, 1.e., better voice quality
or higher data rate.

The dual antenna system 300 may enable integration of
antennas with transmitter and/or receiver circuits to reduce
wireless device size and cost. The frequency-tunable transmit
and recerve antennas 302, 303 may enable size and cost
reduction of host multi-mode and/or multi-band wireless
devices by reducing the size and/or number of antennas. It 1s
appreciated that the antennas 302, 303 of FIG. 3 may be
configured 1n a variety of ways and locations inside the device
320.

The dual antenna system 300 may be used to implement a
diversity feature, e.g., polarization diversity or spatial diver-
sity as illustrated in FIG. 4, for example, in EVDO or MIMO
systems. FIG. 4 illustrates a device with multiple tunable
antennas 432A,432B,433A, 4338, which may provide trans-
mit diversity and/or recerve diversity. Any number of tunable
transmit and/or receive antennas may be implemented.

FIG. 5 illustrates a method of using the dual antenna sys-
tem 300 of FIG. 3. In block 500, the dual antenna system 300

transmits signals with a first antenna 302 and receives signals
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with a second antenna 303 using a {first frequency range
associated with a first wireless communication mode. The
first frequency range may be a set of channels, e¢.g., channels
defined by different codes and/or frequencies.

In block 502, the device 320 determines whether there has
been a change i frequency range and/or mode. I not, the dual
antenna system 300 may continue in block 500. If there was
a change, then the system 300 transitions to block 504. The
device 320 may determine whether a frequency range and/or
second wireless communication mode provides better com-
munication (pilot or data signal reception, signal-to-noise
ratio (SNR), frame error rate (FER), bit error rate (BER), etc.)
than the first frequency range and/or wireless communication
mode.

In block 504, the dual antenna system 300 tunes the anten-
nas 302, 303 with the antenna elements according to a second
frequency range associated with the first wireless communi-
cation mode or a second wireless communication mode. The
second frequency range may be a set of channels, e.g., defined
by different codes and/or frequencies.

In block 506, the dual antenna system 300 transmuits signals
with the first antenna 302 and receives signals with the second
antenna 303 using the second frequency range.

It 1s appreciated that antenna designs may be required for a
wide array of portable wireless device types including:

Handsets in candy bar, clam shell, slider, and PDA pack-

aging formats (with the antenna being internal or exter-
nal to the handset);

Plug and play modems for laptops such as PCMCIA and
ExpressCard formats (with the antennas being integral

to the card PCB);

Functionality/Mode

CDMA2000/EV-DO (Rev.
0,A,B,C)
GSM/EDGE/GPRS
UMTS/HSDPA/HSUPA/
HSPA+

802.11a

802.11b/g

802.11
802.20
Bluetooth
GPS

FLO
DVB-H
UWB
WiMax

n

10

15

20

25

6

Full-sized and mini-sized laptops (with the antennas being,
embedded 1n the laptop display or keyboard area); and

Desktop modems (with the antennas being mounted on the
modems).

Selection of an antenna approach for a given device type
will be heavily dependent on the allowable volume, shape and
local structure in the vicinity of the antenna site.

Possible Operational Modes and Antenna Frequency Cover-
age

Given the above, the potential functional modes and fre-
quency bands over which a portable device may operate vary
significantly. That is, there are many possible combinations of
modes and frequency bands. As can be seen, 1t may not be
possible that all of the modes and bands i1dentified 1n the
following description may be implemented 1n a given por-
table device. As such, the required antenna frequency band
coverage may depend on a subset of modes desired by a
particular service provider and what spectrum 1s available for
deployment.

Another complication will be if a particular service pro-
vider offers roaming services across continents. This will
have the effect of greatly increasing the antenna frequency
coverage requirements for the “world phones”. As an
example, consider a phone capable of operating 1in North
America and Europe. Table 1 identifies potential frequency
ranges required for a phone having dual antennas for MIMO
and RX-TX diversity processing for different functionalities/
modes.

TABLE 1

Operating Frequencies for Adaptable Antenna System

Frequency Band

BCO BC1 BC3 B(C4 BCS BC6 BCH BCY

X X X X X

X X
X X

Frequency Band

Functionality/Mode

CDMA2000/EV-DO
(Rev. 0, A, B, C)
GSM/EDGE/GPRS
UMTS/HSDPA/HSUPA/
HSPA+

802.11a

802.11b/g

802.11
802.20
Bluetooth
GPS
F1LO

n

2.4 GHz
Band

3-10 2-11
(GHz (GHz

716-722
MHz

470-862
MHz

5 GHz
Band

2110-2170

MHz GPS
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TABLE 1-continued

Operating Frequencies for Adaptable Antenna System

DVB-H
UWDB*
WiMax**

Frequency Band-Class Definitions

BCO

BC1

BC3

BC4

BC5 (blocks A, B, C, F, G, H)
BC5 (blocks D, E)
BC6 IMT

BCS8

BC9

2.4 GHz Band

5 GHz Band

GPS

(MHz)

824-894
1850-1990

832-925
1'750-1870

450-493.80

411.675-429.975

1920-2170
1710-1880
8R0-960
2400-2484
5150-5875

*UWDB will require antennas with at least 1 octave frequency band coverage within 3-10 GHz

**WiMax will deploy in smaller sub-bands within 2-11 GHz range

As can be seen from Table 1, achieving all of the band-
widths of the different modes 1n a single passive antenna
clement given the space available in typical portable devices
1s an extreme challenge. A dual resonant antenna structure
may be considered to improve the situation but even this
approach would require sub-bands with dual band coverage
for lower and upper bands, respectively. Even 1f more bands

are added to support, for mstance, broadcast services like
FLO (approximately 716-722 MHz) and DVB-H (approxi-

mately 470-862 MHz), the problem 1s further exacerbated.

Hence, 1t 1s likely that the required frequency coverage will
exceed practical limaits 1f a passive single antenna approach 1s
implemented 1 small portable radios. Accordingly, either
multiple antennas and/or actively-tuned antenna technologies
have to be considered to address this problem.

Number of Antenna Elements

In addition to the many modes of operation, future radios
implementing DO Revs. B and C will implement advanced
signal processing techniques such as mobile recerve diversity
(MRD), mobile transmit diversity (MTD) and MIMO (mul-
tiple mput, multiple output). These require more than one
antenna element operating at the same frequency to be imple-
mented on the device. With MIMO, up to 4 antenna elements
may be required. In addition, antennas used for GPS, Blue-
tooth and 802.11a/b/g (WLAN) must also be considered.
Table 2 below shows the number of antennas required assum-
ing each individual mode has it own set of antennas.

TABL.

(L]

2

Number of Antenna Required for Operating Modes 1n Table 1

Standard # Antennas Needed for Individual Modes

Ix EVDO, Rev. A
Ix EVDO, Rev. B

1 TX-[4]-RX[5], 1 RX

2 TX-RX for handsets, 4 TX-RX for laptops,
desktop modems, PC cards

2 TX-RX for handsets, 4 TX-RX for laptops,
desktop modem, PC cards

2 TX-RX for handsets, 4 TX-RX for laptops,
desktop modems, PC cards

1 TX-RX

1 RX

I1x EVDO, Rev. C

UMTS-LTE (Europe)

GSM (Europe)
GPS

25

30

35

40

45

50

55

60

65

1575 +/- 1 MHz

TABLE 2-continued

Number of Antenna Required for Operating Modes in Table 1

Standard # Antennas Needed for Individual Modes

BlueTooth/ UWB 1 TX-RX

802.11a/b/g 2 TX-RX

802.11n 2 TX-RX for handset, 3-4 TX-RX for laptops,
desktop modems, PC cards

DVB-H/FLO 1 RX

1] MRD = Mobile RX diversity

2] MIMO = Multiple input, Multiple output processing

3] MTD = Mobile TX diversity

4] TX = transnut

3] RX =receive

As can be seen from Table 2, a radio implementing all
modes with individual antennas for each mode would not be
practical and some sharing of individual modes on single
antenna element(s) will be required. The use of broadband or
multi-band techniques and/or tunable antenna technologies
may be considered to reduce the number of required antennas
in a given platform. The feasibility of these approaches and
the number of antennas required are driven by the number of
bands and modes being shared on a given antenna element.
Furthermore, the number of antenna elements required is
determined by the instantaneous bandwidth required for each
sub-band, the requirements for simultaneity between the vari-
ous modes servicing the different antenna elements, and the
mechanical constraints 1mposed by the radio’s industrial
design. These factors together determine the allowable size,
location, and required 1solation between the various antenna
clements on a given platform.

Antenna Configurations for Sharing Modes

The selection of the number and type of antennas 1s driven
by the modes selected and bands of interest to be 1mple-
mented. As mentioned earlier, passive and active (tunable)
approaches may be considered as a means to reduce the
number of antenna elements. Passive antenna structures have
fixed electrical characteristics after they are integrated 1n a
given platform. As mentioned earlier, it 1s not practical to
design small antennas for portable devices capable of work-
ing over the multi-octave bandwidths as implied by the modes
of Table 1. It 1s more likely more than one antenna with
different sub-bands will be required to support the many
modes.
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It should be noted that considerable antenna development
may be required to extend the lower portion of the upper band
to cover GPS 1n a small form factor. Furthermore, 1t may also
be difficult to implement four antennas 1n a small handset or
PCMCIA card without incurring poor antenna to antenna
isolation. Poor 1solation may cause unwanted interaction
(e.g., receiver de-sense) between modes operating simulta-
neously on the device. In addition, this coupling may cause
degradation to antenna gain efficiency due to power coupled
to nearby antennas that 1s dissipated rather than radiated.
Thus, the passive approach 1s not ideal for the design of
antennas for portable devices to be working over the multi-
octave bandwidths of the modes 1llustrated 1n Table 1.
Active Antenna Configurations for Mode Sharing

An aspect of the invention 1s that tunable or reconfigurable
antenna technologies may address several of the problems
that fixed or passive approaches cannot. Referring to FIG. 6,
there 1s shown one configuration or scheme of the invention
including three antennas 602A-602C designed to tune a nar-
row(er) band resonance over frequencies from approximately
800-2700 MHz. A MxN switch matrix 604 1s used to connect
M antennas 602 to N different RF circuits or radios 606. Any
of the N circuits or radios 606 may connect to any of the M
antennas 602 via this MxN switch matrix 604. If M 1s smaller
than N, then M different antennas 602 may connect to a subset
of M RF circuits or radios simultaneously. If M 1s greater than
N, then a subset of N antennas may connect to the N different
RF circuits or radios simultaneously. This switch matrix may
be built from M SPN'T switches and N SPMT switches. It may
also be built as an integrated device with internal switches. In
this configuration or scheme, the antennas 602A-602C cover
most of the band classes indicated 1n Table 1.

In one example, FIG. 7(a) illustrates a fixed antenna con-
figuration for a laptop/notebook/tablet using 8 antennas and
FIG. 7(b) 1llustrates an adaptable antenna configuration for a
laptop/notebook/tablet using 4 tunable antennas and a 4x8
transier switch matrix to replace the 8 fixed antennas of FIG.
7(a).

There are several potential benefits to the approach of the
invention including;:

Fewer antennas required to service all possible modes and

band classes;

Tunable antennas may be smaller than fixed antennas
allowing for more options for fitting 1n;

No compromise in “band edge’ antenna performance com-
pared to fixed bandwidth antenna approaches (antenna 1s
“tuned” optimally);

Tuning narrow band resonances improves out of band 1s0-
lation;

Modes may be allocated to antennas 1n a way that is best for
simultaneous operation (least coupling);

Modes may be allocated dynamically in response to chang-
ing RF environment and body loading; and

Allows for higher order MIMO)/ diversity processing (N=3
for handsets and N=4 for laptops).

It should be noted, however, that the tradeoff may include:

Increased cost complexity of the RF front end and control
clectronics required to route the outputs from the various
antennas to the various transceivers;

Availability of commercial high power tuning devices
(e.g., tunable capacitors) used to tune the antenna struc-
tures; and

Potential for added factory calibration of tunable antenna
clements.

For this approach, the tradeoil between the desired flex-

ibility for mode allocation versus the cost/complexity of the
front end and control electronics 1s important 1n establishing
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commercial feasibility. Regarding antenna design, 1t 1s appre-
ciated that one needs to understand the minimum antenna size
for a given device type that allows for tunability over the
desired frequency range while at the same time providing
good antenna efficiency, the impact of coupling on the tun-
ability, and the requirements for factory calibration and
impact of device tolerances.

Hybrid Configurations for Mode Sharing

Hybrid configurations refer to a combination of fixed and
tunable antenna technologies. For example, the invention
stated earlier that dual band antenna solutions covering BCO/
BC9 and BC8/BC1 exist commercially today. For this case, 1t
may be easier to tune the upper band lower 1n frequency to
cover GPS or higher 1n frequency to cover IMT and MMDS
bands (assuming lower 800-900 MHz band requires no tun-
ing) than 1t would be to come up with a structure that tunes all
the way from 824 to 2700 MHz. There may be many combi-
nations that are possible and the feasibility of each will
depend on the modes and band classes selected, the simulta-
neity requirements, and the device type (e.g., small handset
vs. desktop modem or laptop).

Impact of Stmultaneity Requirements

Simultaneity refers to the modes operating simultaneously
on a given radio. For instance, one could require position
location activities using GPS while operating simultaneously
with a 1x EVDO Rev. C data session or a 1x voice call.
Requirements for simultaneity impact the desired antenna to
antenna 1solation and hence the options for the antenna ele-
ment relative locations, the types of elements, their orienta-
tion as well the level of front end filtering which impacts the
achievable front end loss.

A careful analysis will be needed to define the total 1sola-
tion required allowing for simultaneous operation and the
tradeoll between filter rejection (and added filter loss) and
allowable antenna to antenna coupling.

(iven the above, physically small and narrow-band anten-
nas with electrically tunable resonant frequency may be
employed 1n a wireless device. These antennas may be pur-
posely designed to have very narrow frequency response only
enough to cover the required instantaneous frequency band-
width of one or few wireless channels or a portion of a
frequency band depending on the wireless standards being
used on this wireless device. This wireless device may be a
portable phone, PDA, laptop, body-worn sensor, entertain-
ment component, wireless router, tracking device and others.
By making the antenna narrow-band 1in 1ts Irequency
response, its physical size may be made much smaller than a
conventional resonant antenna currently being used in exist-
ing wireless devices. To operate at a desired wireless channel
or 1n a certain frequency sub-band or band at any given time,
this small antenna 1s designed to have electromically select-
able resonant frequency feature. This frequency adaptability
allows for one small antenna to cover all the required wireless
standards and frequency bands. Under many circumstances,
more than one wireless modes may be required to operate
concurrently; for example, CDMA and 802.11 may be on at
the same time. In this case, a second small tunable antenna
similar to the first one may be employed on the same host
wireless device. These two antennas may operate 1n different
bands simultaneously; for example, W WAN on together with
WLAN on a laptop. These antennas may also operate in the
same Ifrequency band simultaneously as in the case of
802.11n ({for MIMO) or EVDO (for RX diversity). Further-
more, 1n the same frequency band, one of these antennas may
be used for transmitting and the other may be used for receiv-
ing simultaneously. Since these antennas have very narrow
operating frequency response or pass band, the 1solation
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between these antennas 1s much higher than that between the
existing antennas currently being used on existing wireless
devices. This 1s another feature of the mvention, 1.¢., high
1solation between antennas for concurrent operation w1t_10ut
the need of adding more front-end filters.

The number of these small, narrow-band, frequency tun-
able antennas may also be increased to more than two to
support more than two concurrent operating modes. The
operating {requencies and modes of these antennas may be
adaptable to where resource and performance are needed
most 1n the host device based on a preset performance criteria
or user preference and selectivity. This allows for fewer num-
ber of antennas that can cover a given number of wireless
modes and frequency bands. Performance 1s optimized and
adaptable to where it 1s needed and/or required. For example,
if EVDO and 802.11n are both on, then two antennas may be
dedicated to EVDO and two for 802.11n. When EVDO 1s no
longer needed, 1ts two antennas may be used for 802.11n to
increase performance of 802.11n. Antenna resource 1n this
invention 1s adaptable and may be redirected to where 1t 1s
needed most or may be divided based on a certain order of
priorities.

Those of skill in the art would understand that information
and signals may be represented using any of a variety of
different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

Those of skill would further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm
steps described 1in connection with the embodiments dis-
closed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly 1llus-
trate this interchangeability of hardware and software, vari-
ous 1illustrative components, blocks, modules, circuits, and
steps have been described above generally 1n terms of their
functionality. Whether such functionality 1s implemented as
hardware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled
artisans may 1mplement the described functionality i vary-
ing ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a depar-
ture from the scope of the present invention.

The various 1illustrative logical blocks, modules, and cir-
cuits described in connection with the embodiments dis-
closed herein may be implemented or performed with a gen-
eral purpose processor, a Digital Signal Processor (DSP), an
Application Specific Integrated Circuit (ASIC), a Field Pro-
grammable Gate Array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but 1n the alternative, the processor
may be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP core,
or any other such configuration.

The steps of amethod or algorithm described 1n connection
with the embodiments disclosed herein may be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
may reside 1n Random Access Memory (RAM), flash
memory, Read Only Memory (ROM), Electrically Program-

10

15

20

25

30

35

40

45

50

55

60

65

12

mable ROM (EPROM), Electrically Erasable Programmable
ROM (EEPROM), registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the
art. An exemplary storage medium 1s coupled to the processor
such that the processor can read information from, and write
information to, the storage medium. In the alternative, the
storage medium may be integral to the processor. The proces-
sor and the storage medium may reside in an ASIC. The ASIC
may reside 1n a user terminal. In the alternative, the processor
and the storage medium may reside as discrete components 1n
a user terminal.

The previous description of the disclosed embodiments 1s
provided to enable any person skilled 1n the art to make or use
the present mvention. Various modifications to these embodi-
ments will be readily apparent to those skilled 1n the art, and
the generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope of the
invention. Thus, the present invention i1s not intended to be
limited to the embodiments shown hereimn but 1s to be
accorded the widest scope consistent with the principles and
novel features disclosed herein.

The mvention claimed 1s:

1. A wireless communication device comprising:

a {irst antenna having a first tunable element for changing a

first transmuit or receive frequency band associated with
a first communication mode to a different transmit or
receive frequency band or for changing the first commu-
nication mode to a second communication mode; and

a second antenna having a second tunable element for

changing a second transmit or receive frequency band
associated with the first communication mode to a dif-
ferent transmait or receive frequency band or for chang-
ing the first communication mode to the second commu-
nication mode, the first and second antennas configured
to simultaneously operate 1n different communication
modes, wherein each of the first antenna and the second
antenna 1s selectively operable with one of a plurality of
circuits, each circuit associated with a different commu-
nication mode and wherein the tunable elements switch
one or more fixed capacitors to tune the antennas, and
the first and second antennas are orthogonally posi-
tioned to one another.

2. The device of claim 1, further comprising a third antenna
having a third tunable element for providing transmit or
receive diversity.

3. The device of claim 2, wherein the first, second and third
antennas are narrow pass-band and frequency adaptable
antennas.

4. The device of claim 3, wherein the first, second and third
antennas’ narrow pass frequency bands are 1solated from each
other.

5. The device of claim 2, wherein the first, second and third
antennas are broadband antennas.

6. The device of claim 2, wherein the frequency bands

comprise at least two of:
WWAN (Wireless Wide Area Network) for serving 1x

EVDO Revs. A/B/C, 1x-RTT, Extended Global System
for Mobile communications (EGSM), Universal Mobile
Telecommunications System (UMTS) and Global Posi-
tioning System (GPS), WLAN for serving Bluetooth-
IEEE 802.11a/b/g and MMDS (Multlchannel Multi-
point Distribution Service) band IEEE 802.11n, DVB-H
(Digital Video Broadcast-Handheld), FLO (Forward
Link Only), and UWB (Ultra Wide Band).
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7. The device of claim 1, wherein the device includes a
portable phone, a PDA, a laptop, a body-worn sensor, an
entertainment component, a wireless router or a tracking
device.

8. The device of claim 1, wherein the first and second
communication modes comprise at least two of CDMA

(Code Division Multiple Access), GSM, Wideband CDMA
(WCDMA), Time-Division Synchronous CDMA (TD-
SCDMA), Orthogonal Frequency Division Multiplexing
(OFDM) and WiMAX.

9. The device of claim 1, wherein the first and second
antennas are configured to operate in the same frequency
bands simultaneously.

10. The device of claim 1, wherein the first and second
antennas are configured to operate 1n different frequency
bands simultaneously.

11. The device of claim 2, wherein the first, second and
third antennas are orthogonally positioned to one another.

12. The device of claim 2, wherein the communication
modes are allocated to the antennas to provide for at least one
of simultaneous operation, least coupling and in response to
changing RF environment and body loading.

13. The device of claim 2, wherein the antennas allow for a
higher order of multiple mnput, multiple output (MIMO) and
diversity processing.

14. The device of claim 2, wherein at least one of the first,
second and third antennas 1s used to suppress interference
within the device.

15. The device of claim 2, wherein the first, second and
third tunable elements comprise voltage-variable micro-elec-
tro mechanical systems (MEMS), voltage-variable Ferro-
Electric capacitors, varactor, varactor diodes or other fre-
quency adjusting elements.

16. The device of claim 1, wherein the operating frequen-
cies and communication modes of the antennas are adaptable
to where resource and performance are needed most 1n the
device based on a preset criteria or user preference and selec-
tivity.

17. A wireless communication device comprising:

a {irst transcerving means having a first tuning means for
changing a first transmit or recerve frequency band asso-
ciated with a first communication mode to a different
transmit or recerve Irequency band or for changing the
first communication mode to a second communication
mode; and

a second transcerving means having a second tuning means
for changing a second transmit or recerve frequency
band associated with the first communication mode to a
different transmit or receirve Irequency band or for
changing the first communication mode to the second
communication mode, the first transceving means and
the second transcerving means configured to simulta-
neously operate 1n different communication modes,
wherein each of the first transceiving means and the
second transcetving means 1s selectively operable with
one of a plurality of circuits, each circuit associated with
a different communication mode and wherein the tuning
means switch one or more fixed capacitors to tune the
transcerving means, and antennas of the first and second

transcerving means are orthogonally positioned to one
another.

18. A wireless communication device comprising:

a first antenna having a first tunable element for changing a
first transmit or receive frequency set of channels asso-
ciated with a first communication mode to a different
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transmit or receive Irequency set of channels or for
changing the first communication mode to a second
communication mode; and
a second antenna having a second tunable element for
changing a second transmit or receive frequency set of
channels associated with the first communication mode
to a different transmit or receive frequency set of chan-
nels or for changing the first communication mode to the
second communication mode, the first and second
antennas configured to simultaneously operate in differ-
ent communication modes, wherein each of the first
antenna and the second antenna 1s selectively operable
with one of a plurality of circuits, each circuit associated
with a different communication mode and wherein the
tunable elements switch one or more fixed capacitors to
tune the antennas, and the first and second antennas are
orthogonally positioned to one another.
19. A method 1n a wireless communications device, com-
prising:
transmitting or recerving signals with a first antenna using
a first frequency range and transmitting or receiving
signals with a second antenna using a second frequency
range associated with a first communication mode;

tuning the first antenna having a first tunable element for
changing the first transmit or receive frequency range
associated with the first communication mode to a dii-
ferent transmit or receive frequency range or for chang-
ing the first communication mode to a second commu-
nication mode;

tuning the second antenna having a second tunable element

for changing the second transmit or receive frequency
range associated with the first communication mode to a
different transmit or receive Irequency range or for
changing the first communication mode to the second
communication mode; and

transmitting or receiwving signals with at least one of the

first and second antennas using at least one of the differ-
ent transmit or receive Ifrequency ranges and with the
second communication mode, the first and second
antennas configured to simultaneously operate 1n differ-
ent communication modes, wherein each of the first
antenna and the second antenna 1s selectively operable
with one of a plurality of circuits, each circuit associated
with a different communication mode and wherein the
tunable elements switch one or more fixed capacitors to
tune the antennas, and the first and second antennas are
orthogonally positioned to one another.

20. The method of claim 19, further comprising determin-
ing whether the second communication mode provides better
communication than the first communication mode.

21. The method of claim 19, further comprising:

transmitting or recerving signals with a third antenna using

a third frequency range; and
tuning the third antenna having third first tunable ele-
ment for providing transmit or receive diversity.

22. The method of claim 21, wherein the first, second and
third antennas are narrow pass-band and frequency adaptable
antennas.

23. The method of claim 22, wherein the first, second and
third antennas’ narrow pass Irequency bands are isolated
from each other.

24. The method of claim 21, wherein the first, second and
third antennas are orthogonally positioned to one another.

25. The method of claim 21, wherein the frequency ranges

comprise at least two of:
WWAN (Wireless Wide Area Network) for serving 1x

EVDO Revs. A/B/C, 1x-RTT, Extended Global System
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for Mobile communications (EGSM), Universal Mobile

Telecommunications System (UMTS) and Global Posi-

tioning System (GPS), WLAN for serving Bluetooth-

IEEE 802.11a/b/g and MMDS (Multichannel Multi-
point Distribution Service) band IEEE 802.11n, DVB-H
(Digital Video Broadcast-Handheld), FLO (Forward
Link Only), and UWB (Ultra Wide Band).

26. The method of claim 19, wherein the first and second
communication modes comprise at least two of CDMA
(Code Division Multiple Access), GSM, Wideband CDMA
(WCDMA), Time-Division Synchronous CDMA (TD-

SCDMA), Orthogonal Frequency Division Multiplexing

(OFDM) and WiMAX.
27. The method of claim 19, wherein the first and second

antennas are configured to operate in the same frequency

ranges simultaneously.
28. The method of claim 19, wherein the first and second

antennas are configured to operate i different frequency
ranges simultaneously.

29. The method of claim 21, wherein the communication
modes are allocated to the antennas to provide for at least one
of simultaneous operation, least coupling and in response to
changing RF environment and body loading.

30. The method of claim 21, wherein the antennas allow for
a higher order of multiple input, multiple output (MIMO) and
diversity processing.

31. The method of claim 21, wherein at least one of'the first,
second and third antennas 1s used to suppress interference
within the device.

32. A method 1n a wireless communications device, com-
prising;:

transmitting or receiving signals with a first antenna using

a first frequency range and transmitting or receiving

signals with a second antenna using a second frequency

range associated with a first communication mode;
changing the first transmit or receive frequency range asso-

cilated with the first communication mode to a ditferent

10

15

20

25

30

35

16

transmit or receive frequency range or changing the first
communication mode to a second communication
mode;

changing the second transmit or receive frequency range
associated with the first communication mode to a dif-
ferent transmit or recerve frequency range or changing,
the first communication mode to the second communi-
cation mode; and

transmitting or receiving signals with at least one of the
first and second antennas using at least one of the differ-
ent transmit or receive frequency ranges and with the
second communication mode, the first and second
antennas respectively having first and second tunable
clements and configured to simultaneously operate 1n
different communication modes, wherein each of the
first antenna and the second antenna 1s selectively oper-
able with one of a plurality of circuits, each circuit
associated with a different communication mode and
wherein the tunable elements switch one or more fixed
capacitors to tune the antennas, and the first and second

antennas are orthogonally positioned to one another.
33. The method of claim 32, wherein the first and second

antennas are broadband antennas.
34. The method of claim 32, further comprising:
transmitting or recerving signals with a third antenna using
a third frequency range,
wherein the third antenna provides transmit or receive
diversity.

35. The device of claim 2, wherein the first, second and
third tunable elements are attached to an SPn'T (Single Pole n
Throw) switch for the one or more fixed capacitors.

36. The device of claim 2, wherein the first, second and
third tunable elements are attached to an SPIT (Singe Pole
one Throw) on/off switch for each of the one or more fixed
capacitors.

37. The device of claim 2, wherein at least one of the first,
second and third antennas 1s used to mitigate body or external
elfects.
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